ABSTRACT Background: Processed foods are major contributors to population dietary salt intake. Parts of the Australian food industry have started to decrease salt in a number of products. A definitive baseline assessment of current sodium concentrations in foods is key to targeting reformulation strategies and monitoring progress. Objectives: Our objectives were to systematically collate data on the sodium content of Australian processed food products and compare sodium values against maximum target levels established by the UK Food Standards Agency (UK FSA). Design: Categories of processed foods that contribute the majority of salt to Australian diets were identified. Food-composition data were sought for all products in these categories, and the sodium content in mg/100 g (or mg/100 mL for liquids) was recorded for each. Mean sodium values were calculated for each grouping and compared with the UK FSA benchmarks. Results: Sodium data were collected for 7221 products in 10 food groups, 33 food categories, and 90 food subcategories. The food groups that were highest in sodium were sauces and spreads (1283 mg/100 g) and processed meats (846 mg/100 g). Cereal and cereal products (206 mg/100 g) and fruit and vegetables (211 mg/100 g) were the lowest in sodium. Sixty-three percent of food categories had mean sodium concentrations above the UK FSA targets, and most had wide ranges between the most and least salty product. Conclusions: Many products, particularly breads, processed meats, and sauces, have salt amounts above reasonable benchmarks. The variation in salt concentrations between comparable products suggests that reformulation is highly feasible for many foods.
INTRODUCTION
It is now well established that excess dietary salt consumed throughout life causes blood pressure to rise with age (1, 2) and greatly increases the risk of cardiovascular diseases (3) (4) (5) (6) . These diseases are leading causes of death and disability in many Western countries, and in Australia they are responsible for .30% of mortality [45,000 deaths/y (7)]. In addition, cardiovascular diseases consume .10% of the country's total allocated health system expenditure (8) , and high blood pressure equals smoking as the leading cause of disease burden (9) . Although there is no current definitive estimate of population dietary salt intakes in Australia, it is widely accepted that average consumption is well above the government's suggested dietary target of 4 g/d (10) , and that approximately three-quarters of salt in the diet comes from processed foods (11) .
There is a consensus that the reduction of salt consumption will lower blood pressure, with great potential to produce significant individual and population health benefits (12) (13) (14) (15) (16) (17) (18) . Furthermore, centrally implemented salt-reduction strategies led by government and the food-processing industry are projected to be highly cost-effective (17, 19, 20) . On this basis, a number of countries and individual corporations are already working to decrease the salt content of processed foods (20) (21) (22) , and there is strong evidence that this can decrease mean population salt consumption (23) . In Australia, the Australian Division of World Action on Salt and Health (AWASH) is driving a strategy to decrease population salt intakes (24) .
A central component of the AWASH strategy is to secure sector-wide commitments from the food industry to decrease the salt content of processed foods. It is often asserted that the salt content of Australian processed food products is already lower than that of other countries, although this is not always the case. For example, whereas the salt content of some breakfast cereal products is lower in Australia, other products have higher salt content than in other countries (25) .
The setting of sodium targets for food categories and the establishment of a database to monitor the sodium content of foods have been core to the success of national salt-reduction programs (21) . To build on this, AWASH has established a comprehensive brand-specific food composition database to record and monitor the sodium content of processed foods in Australia. As a basis for a national target-setting process, this study also compared the 2008 sodium concentrations of Australian foods to the maximum sodium targets set by the UK Food Standards Agency (UK FSA).
METHODS
This study comprised a systematic survey of Australian processed foods, with data collection done over a 6-mo period between July and December 2008 and analysis and reporting carried out in 2009. The primary objective of the survey was to establish the mean sodium concentrations of the main food categories that contribute salt to the diet and to provide a baseline against which it will be possible to objectively quantify progress to decrease salt through reformulation. A secondary objective was to compare the sodium content of Australian products against the maximum targets set by the UK FSA, to identify priority areas for salt reduction in Australian products and to inform a national target-setting process.
Identification of processed foods that contribute salt to the diet
The foods included in this survey were selected on the basis of a review of the scientific literature that addressed the contribution of different types of processed foods to salt in the diet. The starting point was a recent salt-modeling exercise done by Food Standards Australia New Zealand (FSANZ) as part of an investigation into proposed mandatory iodine fortification (11) . This provided quantitative conclusions about the contribution of different food groups to daily salt intake for the average Australian with the use of the best available evidence from national sources. The main food groups identified in the FSANZ modeling project were estimated to cover 83% of the salt from processed foods. To achieve more comprehensive coverage, the FSANZ findings were complemented with information drawn from comparable studies done in other developed country populations with dietary patterns broadly similar to those of Australians (26, 27) .
Definitions of food categories and subcategories
The food categories and subcategories used here were also defined on the basis of a review of the applicable scientific literature (11, 26) and an examination of existing food composition databases. The 3 systems that most heavily influenced our categorization were those of FSANZ, the UK FSA, and the Retail World's Australasian Grocery Guide (the Grocery Guide) (28) (29) (30) . FSANZ uses a food categorization system developed for the management of legislation related to food labeling in Australia (29) , the UK FSA has a classification system established specifically for the purpose of working with industry to achieve sector-wide reformulation of products with lower salt content (31) , and the Grocery Guide lists annual market share data for groups of products sold in supermarkets in Australia (28) . Accordingly, for this database, foods were categorized with the use of a hierarchic system into 10 food groups, 33 food categories, 90 food subcategories (major), and 14 food subcategories (minor). The overarching principle that underlay the categorization system was that it be applicable to industry, so that it could be used to monitor future changes and to inform the negotiation and monitoring of sector-wide sodium targets for processed foods.
Identification of products for inclusion in the database
We used the Grocery Guide as the starting point for the selection of the individual food products for inclusion in the database. For each of the food subcategories we compiled a comprehensive list of products with the use of information provided in the Grocery Guide and then sought food composition data for each product identified. There were 4 main sources from which we obtained information about food composition for the database: 1) data provided directly by food-processing companies as spreadsheets or printed materials, 2) data extracted from company websites, 3) data taken from other nutrient databases, and 4) data copied from the nutrition information panels (NIPs) on in-store product labels at 2 major Australian supermarkets. With the use of these 4 data sources we sought to obtain data for as many products as possible in each food subcategory. Where exactly the same food was presented in different packaging or in different serving sizes, only one entry was made in the database unless the product was marketed as a different brand.
Variables collected
For each food item, the brand name, product name, serving size, sodium per serving, and sodium per 100 g (or per 100 mL for fluids) were the minimum data recorded. Each product was assigned indicator variables for food group, food category, and food subcategories in accordance with the classification system defined. The data entry process was verified with the use of a number of methods. First, sodium data for all products obtained from other nutrient databases were screened by an author (EKD) for plausibility before inclusion in the database, to identify outliers. Second, a random sample of 5% of entries was selected, and the information in the database was compared with the original data source. And third, another sample of 5% of the data obtained direct from industry, websites, or other databases was also checked directly against the information displayed on the NIPs on the products on the supermarket shelves. Where there was a discrepancy in sodium content between the original value and the NIP, the NIP value was retained. The sodium content of foods was variously calculated or directly estimated, but it was not possible to ascertain the method used for each product. Likewise, it was not possible to obtain sales data for many individual products.
Data analysis
The mean sodium concentration was calculated for each food group, food category, and food subcategory and presented alongside the range. The percentage market share covered by the products in each food category and subcategory was estimated with the use of data provided in the Grocery Guide. There were some limitations to the estimation of coverage because in some instances the Grocery Guide provides market share for groups of products and not individual items. As such, where the market share data for products listed in the Grocery Guide could be related directly to our product subcategories, we were able to make exact estimates of coverage. Where market share data for groups of products in the Grocery Guide did not match exactly the definition of our food product subcategory, or where market share data were unavailable, we estimated the minimum possible coverage provided by the products we included in the database (and indicated coverage as "greater than" the plausible minimum). If even that was not possible, we simply used a dash to indicate missing data. Finally, where the definitions of our food product subcategories were directly comparable to the definitions of groupings of products used by the UK FSA, the proportion of Australian products that met the UK FSA maximum salt targets was reported (31) .
RESULTS
Sodium data were collected for 7221 products in 10 food groups, 33 food categories, and 90 subcategories (major) ( Table  1 ). In addition, data were collected for a further 14 subcategories (minor), which allowed a more detailed analysis in cases in which the numbers of products were large or there were clearly defined groups of products within the subcategory. The number of products in a subcategory ranged from 1 (meat-free bacon) to 332 (canned vegetables), which reflected both the huge choice available within some product ranges and the great variability in the size of product ranges between different food types. Estimates of coverage were possible for 75/90 major subcategories (as well as an additional 5 minor subcategories). For those 80 subcategories with market share data, 65 (74%) had .80% and 45 (51%) had .90% coverage. Only 5 categories (6%) had ,70% coverage.
Mean sodium content
There was wide variability in sodium content within and between most food categories. Exceptions to this were unsalted butter (range: 18-19 mg/100 g) at one end of the spectrum and anchovies (range: 5400-6000 mg/100 g) at the other, where sodium content was broadly constant across the product range. For most other categories, the highest sodium product had a sodium concentration at least one-half greater than that of the product with the lowest sodium, and for some categories the differences were extreme. There was more than a 6-fold difference in the sodium content of hard cheeses (240-1740 mg/100 g), a 14-fold difference in the sodium content of sliced meats (120-1720 mg/100g), and a 100-fold difference in the sodium content of frozen potato products (5-500 mg/100 g).
The food groups with the highest mean sodium content were sauces and spreads (1283 mg/100 g), followed by processed meats (846 mg/100 g). Cereal and cereal products (206 mg/100 g) and fruit and vegetables (211 mg/100 g) had the lowest mean sodium content. Stock was the highest sodium food subcategory, with a mean sodium content of 6108 mg/100 g and a maximum of 27,105 mg/100 g. The lowest was fruit in juice/syrup (9 mg/100 g), with the lowest sodium varieties being sodium free. The mean sodium concentrations in the processed food groups that contribute the most sodium to the average Australian diet were 846 mg/100 g (meat and meat products), 467 mg/100 g (bread and bakery products), 353 mg/100 g (dairy), 206 mg/100 g (cereal and cereal products), and 1283 mg/100 g (sauces and spreads).
Comparison of sodium content against established targets
Almost one-half (40/90, 44%) of the product subcategories had a mean sodium content that would be classified as high (.500 mg/100 g), and less than one-fifth (17/90, 19%) had a mean sodium content that would be classified as low (,120 mg/100 g). For 2 food categories and 69 food subcategories (58 major, 11 minor), it was possible to make direct comparisons against UK FSA targets. For 63% (45/71) of these comparisons, the mean sodium concentrations were above the UK FSA maximum targets. Food categories that included many subcategories above target were breads, processed meats, sauces, and canned vegetables. Food categories that included a greater proportion of subcategories at or below UK FSA targets were breakfast cereals, sweet biscuits, butters and margarines, and ready meals.
DISCUSSION
These data provide a comprehensive baseline assessment on which a sector-wide strategy for salt reduction in Australian processed foods can be designed and monitored. The database will be updated annually, which means that, for the first time, it will be possible to objectively show the effect of food reformulation programs. Significantly, the survey showed that sodium concentrations vary markedly across the product ranges within most food subcategories. As noted in prior smaller-scale work done in Australia and overseas (26, 32) , the highest-and lowestsalt foods within a category frequently vary in salt content by 50%. This variability shows that it is technically feasible to produce lower-salt products for most food types, so significant progress in salt reduction can reasonably be expected for many food categories. In conjunction with work that shows that progressive small reductions in the sodium content of foods do not influence consumer acceptability or taste (33, 34) , there is a strong argument for the implementation of a sector-wide program of salt reduction.
The United Kingdom and Finland have the most active nationwide salt-reduction programs (21) , and New York City leads the way in the United States (35) . With three-quarters of daily salt consumption derived from processed foods (11), a wide-ranging food reformulation program with salt targets for individual product categories is at the core of most salt-reduction strategies. The UK FSA salt targets were developed through a broad-based consultation with the food industry and independent food technologists, with a view to achieving an average population salt intake of ,6 g/d (31) . The targets for each food category were agreed upon on the basis of feasibility, in terms of both the technical aspects of food production and consumer acceptability. These voluntary targets have provided industry with clear goals and have established a level playing field on which transparent and objective assessment of progress can be made. Both average and maximum sodium targets were provided to allow for substantial variability in the sodium content of some food categories. By 2008 the UK salt-reduction campaign had successfully achieved a reduction in mean population salt intake from 9.5 to 8.6 g/d, driven primarily by significant falls in the salt content of key food categories (36) .
Some major Australian corporations have already done work or made commitments to future salt reduction across their product ranges (37) . Existing programs that target large reductions in individual products with the goal of the provision of a healthier alternative are reported to have removed several hundred tons of salt from the Australian food supply each year (38) . Such programs make a welcome contribution but, given that total annual consumption of salt by the Australian population is .50,000 tons (with a mean intake of '8 g/person per day), the overall effect of such interventions is likely to be limited. In addition, to achieve a significant health gain, the provision of lower-salt alternatives requires both that consumers choose the new product and that the product be responsible for a large proportion of daily salt intake. In practice this is rarely the case. Categorywide reductions in salt content, even if small, have much greater potential to achieve health gain because they modify the entire daily salt intake. As such, many Australian food companies have committed to reductions across the whole range of their products. However, more than one-half of Australian food subcategories have average sodium concentrations above corresponding UK FSA maximum salt targets, and there remains much to be done with food reformulation in Australia. The sodium data in this article were not weighted by sales, but the sodium content of Australian processed foods was benchmarked against the UK FSA targets, which has been very helpful. In conjunction with the FSANZ modeling data, the process has clearly identified those product categories where salt reduction is needed most urgently.
These findings provide the basis for negotiations toward salt targets for relevant food categories in Australia. This should be done jointly with the food industry, informed by the process led by the UK FSA. Whereas UK FSA targets will serve as an excellent basis for the immediate commencement of reformulation efforts, additional work is needed to develop targets for unique aspects of the Australian market. Local criteria that already exist, such as those used for the National Heart Foundation of Australia's Tick Program, could usefully inform such developments (39) , and comprehensive sales data would greatly strengthen the process.
A key strength of this survey is its large scale and the systematic and objective approach taken to the identification of foods for inclusion. The database has .10 times the number of products in prior reports of this type (26) and has brand-specific information on products to enable tailored feedback to individual food manufacturers. Although there are estimated to be .30,000 different processed food products available for purchase in Australian supermarkets (40) , a large number are simply different sizes and formats of packaging for the same product. Goods such as beverages, sugar products, confectionery, and eggs were not included in the database because they contribute little salt to the diet. As such, the 7221 products included in this database represent the composition of the majority of processed foods that contribute salt to the Australian diet. The quality-control processes implemented identified only a few minor errors and provide reassurance that the database is robust. Direct chemical analysis of a sample of foods would further enhance the perceived validity of the data but, given that a significant number of the larger companies already conduct their own quality-control programs, it is unlikely that significant changes to our conclusions would result.
More complete data on market share for each product would have enabled a weighted analysis that would have better estimated the likely contribution of each food subcategory to total salt intake. As it is, the differential market share of higher-and lower-salt products in any given product category means that the reported mean salt concentration is unlikely to translate directly into the quantity of salt delivered to the population from this source. Greater sales of the higher-salt products would result in more salt from this source than implied by the reported mean, and vice versa.
In conclusion, it has been possible to make a sound baseline assessment of the mean sodium content of processed foods that contribute the majority of salt to Australian diets. These data will inform the development of a strategy to decrease salt in processed foods and enable objective monitoring of the effect of food industry reformulation efforts through annual updates. The Australian government should take leadership and engage the food industry in a sector-wide, transparent reformulation effort that will progressively decrease salt intake in Australia. The establishment of salt targets for all relevant product categories is the next step, and leading industry players within Australia have indicated a willingness to embark on this process. A national saltreduction program has enormous potential to avert chronic disease through blood pressure lowering (41, 42) at a fraction of the cost of drug therapies for the management of hypertension (20) and should be a national health priority.
The authors' responsibilities were as follows-JLW (senior project manager): development of overall strategy, research design, interpretation of results, and draft of the manuscript; EKD (research assistant): data collection, analysis, and review of the manuscript; and BCN: oversight of the entire project with input into design and interpretation of findings and substantive review of the manuscript. BCN is the Chairman of the Australian Division of World Action on Salt and Health. JLW was previously responsible for the implementation of the UK FSA salt-reduction strategy, which included the initial consultation on salt targets. The authors declared no other conflicts of interest.
